Tyrosine kinase inhibition reverses TDP-43 effects on synaptic protein expression, astrocytic function and amino acid dis-homeostasis.
The trans-activating response of DNA/RNA-binding protein (TDP)-43 pathology is associated with many neurodegenerative diseases via unknown mechanisms. Here, we use a transgenic mouse model over-expressing human wild-type neuronal TDP-43 to study the effects of TDP-43 pathology on glutamate metabolism and synaptic function. We found that neuronal TDP-43 over-expression affects synaptic protein expression, including Synapsin I, and alters surrounding astrocytic function. TDP-43 over-expression is associated with an increase in glutamate and γ-amino butyric acid and reduction of glutamine and aspartate levels, indicating impairment of presynaptic terminal. TDP-43 also decreases tricarboxylic acid cycle metabolism and induces oxidative stress via lactate accumulation. Neuronal TDP-43 does not alter microglia activity or significantly changes systemic and brain inflammatory markers compared to control. We previously demonstrated that brain-penetrant tyrosine kinase inhibitors (TKIs), nilotinib and bosutinib, reduce TDP-43-induced cell death in transgenic mice. Here, we show that TKIs reverse the effects of TDP-43 on synaptic proteins, increase astrocytic function and restore glutamate and neurotransmitter balance in TDP-43 mice. Nilotinib, but not bosutinib, reverses mitochondrial impairment and oxidative metabolism. Taken together, these data suggest that TKIs can attenuate TDP-43 toxicity and improve synaptic and astrocytic function, independent of microglial or other inflammatory effects. In conclusion, our data demonstrate novel mechanisms of the effects of neuronal TDP-43 over-expression on synaptic protein expression and alteration of astrocytic function.